Background
Introduction
As people spend more time indoors at home or in an office environment, they fail to obtain enough sunlight to adequately produce cutaneous vitamin D [1] . Thus, vitamin D deficiency has become a major health problem in modern society. Recent studies have consistently reported a surprisingly high prevalence of vitamin D deficiency across all age groups worldwide [2] [3] [4] .
The worldwide prevalence of vitamin D deficiency is 30-50% among the general population [2, 5] . Vitamin D deficiency is common in Korea. In a study using data from the Korea National Health and Nutrition Examination Survey (KNHANES), the mean serum level of 25(OH)D was 21.2±7.5 ng/ml in males and 18.2±7.1 ng/ml in females. Vitamin D deficiency (which is defined as less than 20 ng/ml) was found in 47.3% of males and 64.5% of females; only 13.2% of males and 6.7% of females had a serum 25(OH)D level of greater than 30 ng/ml [3] .
Vitamin D plays an important role in bone and mineral metabolism, and its deficiency is associated with the development of metabolic bone diseases such as rickets and osteomalacia [6] . Recently, several health conditions have been associated with the non-skeletal actions of vitamin D, including cardiovascular diseases, diabetes mellitus, infection, and autoimmune diseases [5, 7, 8] .
Several epidemiological studies have reported an association between vitamin D deficiency and cancer. Higher vitamin D levels have been associated with decreased mortality from breast [9, 10] , colon [10, 11] , and liver cancers [12] . In addition, vitamin D from dietary intake and sunlight exposure has been associated with a reduced risk of cancer [13, 14] .
There are limited reports that have examined the prevalence of vitamin D deficiency among cancer survivors. In 2007, a U.S. study in 99 breast cancer survivors and 54 controls reported that vitamin D deficiency (<32 ng/mL) was observed in 76 of 99 (77%) of the breast cancer survivors and 51 of 54 (94%) of the controls [15] . In a different multiethnic cohort study in the U.S., the mean vitamin D level was 24.8±10.4 ng/mL, and 75.6% of the 790 breast cancer survivors had low serum 25(OH)D [16] . Another study with a large, diverse population of cancer survivors who were followed in a childhood cancer survivor clinic reported a mean vitamin D level of 25.2±10.37 ng/ml, and 29% of the patients were 25(OH)D insufficient (<20 ng/ml) [17] .
Vitamin D levels and the prevalence of vitamin D deficiency have not been adequately determined among cancer survivors in Korea. Therefore, we investigated the vitamin D levels and the prevalence of vitamin D deficiency among cancer survivors in Korea. We also investigated the difference between cancer survivors and controls without a history of cancer, and identified the predictors for vitamin D deficiency among cancer survivors.
Materials and Methods

Data source
This study is based on the 4th (2007-2009) and 5th (2010-2012) Korea National Health and Nutrition Examination Survey (KNHANES). The KNHANES was a cross-sectional and nationally representative survey conducted by the Korea Centers for Disease Control and Prevention (KCDC). A rolling sampling method with a stratified, multistage probability sampling design was used to assess the health status of the non-institutionalized civilian population in Korea. The survey collected data via household interviews and by direct standardized physical examinations conducted in specially equipped mobile examination centers. Detailed information on the design of the survey has been provided elsewhere [18] . 
Cancer survivors
Cancer survivors were defined as those who answered "yes" to the question, ''Have you ever been told by a doctor that you had cancer?". Cancer survivors were asked about the site of their cancer and the age at diagnosis. The time since diagnosis was calculated as the difference between the age at the time of the survey and the age at diagnosis. Controls were defined as subjects who reported no cancer history.
Vitamin D levels
Blood samples were processed and refrigerated. The samples were transported on the day of the survey to the designated central laboratory of Neodin Medical Institute (NMI), a laboratory certified by the Korean Ministry of Health and Welfare in Seoul, Korea. Blood samples were analyzed within 24 hours after transport. Serum 25(OH)D levels were measured by radioimmunoassay methods with a WIZARD 1470 Gamma Counter (PerkinElmer, Finland) and a Gamma Counter (Hewlett Packard, USA) in the 4th and 5th KNHANES, respectively [19] . Vitamin D deficiency was defined as a level of <20 ng/ml as per the recent guidelines proposed by the Institute of Medicine (IOM). , chronic condition, and survey year also were collected. Occupation was classified into seven groups according to the standard Korean classification of occupation: 1) managers, professionals, and related workers; 2) clerks; 3) service and sales workers; 4) skilled agricultural, forestry, and fishery workers; 5) craft, equipment, machine operating, and assembling workers; 6) elementary workers; and 7) unemployed (e.g., housewife, student). Non-cancer co-morbid conditions included hypertension, diabetes mellitus, stroke, heart disease, asthma, pulmonary tuberculosis, hepatitis B, C, liver cirrhosis and renal failure.
Covariates
Statistical analysis
The general subject characteristics were reported as the number and percentage and the general characteristics by cancer history were compared with chi-square tests. The difference in the prevalence of vitamin D insufficiency between cancer survivors and controls was tested using Chi-square tests. Multiple logistic regression analyses were used to examine factors associated with vitamin D deficiency in cancer survivors and non-cancer controls. All statistical analyses were conducted using SAS V9.3 (SAS Institute, Cary, NC, USA). A p<0.05 was considered statistically significant.
Results
Characteristics of cancer survivors and controls
The general characteristics of cancer survivors and controls were significantly different. The cancer survivors were more likely to be women, elderly, and unemployed, and were more likely to have a non-cancer chronic disease. The most common diagnosis was stomach cancer (19.9%), and 49.1% of survivors were diagnosed more than 5 years before the survey was conducted (Table 1) .
Vitamin D levels and the prevalence of vitamin D deficiency in cancer survivors and controls
The mean vitamin D level in cancer survivors was 18.6±18.1 ng/ml, which was significantly higher than the mean level of 18.1±18.0 ng/ml among controls (p = 0.029). Vitamin D deficiency (<20 ng/ml) was found in 62.7% of cancer survivors and 67.1% of controls (p = 0.006). The multiple logistic regression analysis revealed that the adjusted odds ratio (aOR) for vitamin D deficiency was similar among cancer survivors and non-cancer controls after controlling for several covariates (aOR = 0.96, 95% confidence interval = 0.83-1.12).
Factors associated with vitamin D deficiency in cancer survivors and controls
The prevalence of vitamin D deficiency was highest among survivors aged 19-44 (76.2%) and managers, professionals, and related workers (79.3%). These figures were similar to those obtained in non-cancer controls by age group and occupation type ( Table 2) .
The multiple logistic regression analysis revealed that the younger age group had a significantly higher odds ratio for vitamin D deficiency in both groups after controlling for several covariates. In addition, several occupation types (managers, professionals, and related workers; clerks; service and sales workers) were more likely to have vitamin D deficiency compared with agricultural, forestry, and fishery workers in both the cancer survivor and non-cancer control groups. The factors associated with cancer, such as cancer type and cancer duration, were not associated with vitamin D deficiency. Among the controls, individuals who resided in an urban area, did not report regular walking or physical exercise, women, and respondents from the most recent survey year were associated with higher odds for vitamin D deficiency, but these factors were not associated with vitamin D deficiency among cancer survivors (Table 3) .
Discussion
This study investigated the prevalence of vitamin D deficiency and examined the factors associated with vitamin D deficiency among cancer survivors in Korea. The prevalence and associated factors also were compared with non-cancer controls. Approximately 62.7% and 67.1% of cancer survivors and controls, respectively, exhibited vitamin D deficiency. Age and occupation type were associated with vitamin D deficiency among cancer survivors.
Because many cancer survivors can expect a long survival time post-diagnosis, maintaining quality of life following treatment is an important goal. The assessment of vitamin D deficiency should be an important strategy in cancer survivors. Cancer patients are acutely at risk for osteoporosis due to various cancer treatments, including hormonal therapy, chemotherapy, and glucocorticoids, which increase bone resorption and decrease bone marrow density [20] . Vitamin D also affects cancer prognosis through its effects on cellular proliferation, differentiation, apoptosis, and angiogenesis [21] . This study found that more than half of cancer survivors (62.7%) exhibited a vitamin D deficiency. High rates of vitamin D deficiency among cancer survivors in Korea are consistent with previous results from other countries. The prevalence of vitamin D deficiency among breast cancer survivors ranged from 75.6% to 86% [15] . A recent review of vitamin D levels among cancer survivors revealed that the prevalence of vitamin D deficiency was more than 70% in many studies. The prevalence of vitamin D deficiency in cancer survivors varied by study population, sample size, study design, definition of vitamin D deficiency used, and method of vitamin D assessment [22] . However, most previous studies were limited to one particular type of cancer with relatively small sample sizes; therefore, the findings regarding the prevalence of vitamin D deficiency in these studies should be interpreted with caution.
The prevalence of vitamin D deficiency among cancer survivors was not significantly different from non-cancer controls. This result was inconsistent with previous studies. A previous cross-sectional study of 61 children with a history of malignancy revealed that vitamin D deficiency (<10 ng/ml) was more common among children with a malignant disease compared with controls (21.3% vs. 3.3%, respectively) [23] . However, a study among patients who completed breast cancer treatment revealed that most breast cancer survivors (77%) and control women (94%) had a vitamin D deficiency (<32 ng/mL). Furthermore, control women had significantly lower concentrations of vitamin D than breast cancer survivors [15] . In our study, the prevalence of vitamin D deficiency was markedly high in both cancer survivors and controls. These results might reflect a decrease in outdoor exposure due to lifestyle changes among the general Korean population rather than a result of the cancer itself.
The risk factors for vitamin D deficiency in our population all have been identified as risk factors for vitamin D deficiency in the general population. Only age and occupation type were found to affect the prevalence of vitamin D deficiency in cancer survivors. Cancer-specific variables such as the time since diagnosis and cancer site were not associated with a risk of vitamin D deficiency.
The cutaneous synthesis of vitamin D was decreased as age increased. Therefore, old age is considered a risk factor for vitamin D deficiency. The elderly may be at an additional risk of deficiency due to decreased mobility, which consequently leads to decreased sun exposure [24] . However, in our study, vitamin D deficiency was most prevalent among 19-44 years old and lowest among individuals 65 years and older. Recently, the higher prevalence of vitamin D [25] . In addition, a study based on NHANES III (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) in the U.S. also revealed that serum 25(OH)D levels were lowest for those aged 20 to 39 years among some subgroup [26] . Although the factors associated with a greater risk of vitamin D deficiency among young adults are not clear, these factors may include behavioral factors such as an indoor lifestyle (e.g., the use of televisions, computers, and video games) and less time outdoors among younger compared with older individuals [26, 27] . The prevalence of vitamin D deficiency also was significantly different across occupation types. The prevalence of vitamin D deficiency was highest in managers, professionals, and related workers compared with skilled agricultural, forestry, and fishery workers. These results are consistent with previous studies in Korea [3, 28] and other countries [29] [30] [31] . This result may be because subjects who are classified as managers, professionals, and related workers are usually indoors and do not receive adequate sunlight exposure. Meanwhile, individuals engaged in skilled agriculture, forestry, and fishery often spend most of their time outdoors and have relatively higher serum levels of vitamin D.
In cancer survivors, the difference of the vitamin D deficiency between men and women did not exist. But, the vitamin D deficiency in women was significantly higher compared to that in men in non-cancer controls. Korean women were reported to have the lowest vitamin D level of all countries in a recent international study of 1,285 osteoporosis patients from 18 countries. Korean women preferred "fair skin", and they deliberately avoided sunlight and used sunscreen like other East Asian women [32] .
This study has several limitations due to the nature of KNHANES. First, KNHANES did not collect data on the amount of sunlight exposure and other factors associated with the cutaneous synthesis of vitamin D such as sunscreen use, clothing, or time spent outdoors. We used other variables, such as occupation type and residence area, as a proxy for these variables. Although we could not estimate how the level of sunlight exposure actually differs among the various occupations and residence area, we assumed that subjects who work outdoors (e.g., agriculture, forestry, or fishery) or live in a rural area would have more sunlight exposure than subjects who work indoors or live in an urban area. Second, data about the dietary intake of vitamin D or the use of vitamin D supplementation was not collected. Finally, because the KNHANES only included non-institutionalized individuals, cancer survivors who were admitted to the hospital or in convalescence were not included in the study. Therefore, cancer survivors in this study may not be representative of the general cancer survivors in Korea. The prevalence of vitamin D deficiency was high in both cancer survivors and controls in Korea. Vitamin D deficiency was associated with age group and occupation type in both controls and survivors. Because vitamin D is crucial to bone health, assessing vitamin D status and correcting for vitamin D deficiency should be a critical goal for both cancer survivors and the 
